flow, based on a 2-D model and perturbation analysis in a rectangular channel of very large aspect 23 ratio, it is stated in that paper that their expression is accurate to zeroth orderr. Gallis and Torczynsky
24
[5] derived an expression for the pressure profile in the slip flow regime based on a more advanced 25 slip expression than the one of Maxwell, involving four dimensionless parameters, determined so that 26 the mass flow in the channel would match benchmark values in the different high-Knudsen-number 27 flow regimes. Their expression is implicit in the pressure, the authors state it may be inverted, but that 28 the "the resulting expression is too complicated to be useful".
29
In this present paper, explicit expressions for the axial pressure profiles in a cylindrical channel 30 and a rectangular channel with large aspect ratio, both of uniform temperature, with Maxwell slip flow 31 will be derived from first principles. The accuracy of the derived expressions is only limited by the 32 accuracy of the Maxwell slip assumption itself.
Since there is nothing in the functional forms obtained below that will demand that the variables 34 are non-dimensionalized, the derivations will be done in terms of the physical, dimensional variables 35 themselves, which will make the physical significance of the expressions more transparent. 
giving by integration:
The wall slip for Maxwell slip is ([7,8] ):
with the factor ζ expressed as: ζ = ζ 0 p and the factor du dr r=R evaluated from the no-slip solution. Inserting this expression for u w in the lower integration limit on the RHS of (2)gives:
giving:
u + ζ du dr r=R = − dp dz
From the no-slip DE, (1): du dr = r 2µ dp dz ⇒ du dr r=R = R 2µ dp dz
Ref.
[9], together with others, give ζ = 2−σ V σ V λ . λ is the mean free path in the gas and σ V is the momentum accommodation coefficient (see [10] and also below), which in general depends on the nature of the gas, the channel wall material and the Knudsen number. In many cases σ V ≈ 0.8 ( [10, 11] ). Filling in, this makes the solution for the gas velocity, u: u = − dp dz
The mass flow,ṁ t = R 0 ρu2πr dr, becomes:
where M is the molar mass, m is the molecular mass, R is the universal gas constant, k B is the Boltzmann constant and λ =
, with d the molecular collisional diameter, giving:ṁ
which can be rewritten to:ṁ t = A dp dz + Bp dp dz
where, after simplification,
Both of the parameters A and B are negative, since 0 ≤ σ V ≤ 1, being interpreted as the fraction of 41 molecules or atoms undergoing diffuse, rather than specular, reflection at the wall ([5,11]).
42
Equation (7) is a differential equation for p(z), and can be solved as a boundary value problem in 43 the following way.
44
A first-principles, steady-state mass balance on an element, which spans the channel cross-section and is differential in the z-direction, gives:ṁ t,in = A dp dz + Bp dp dz ,ṁ t,out = A dp dz + Bp dp dz + d dz A dp dz + Bp dp dz dz. Settingṁ t,in =ṁ t,out gives, after rearrangement:
There are two solutions to this equation, we take the positive one, since this is the one satisfying the boundary conditions at the two ends of the channel, giving: the result of this is used also here for quantifying the slip term.
56
The flow will be assumed two-dimensional, thus the effect of the side walls (left and right walls 57 in the front view in Fig. 2 ) on the flow is neglected. The standard momentum balance, which reduces to a force balance, since the convective momentum flows in and out are equal, on an element, differential in both the z-direction (in anticipation that the pressure gradient varies in this direction) and the y-direction, for Poiseuille flow gives the differential equation for the fluid velocity:
Integrating twice in the y-direction, with the no-slip boundary conditions u = 0| y=0 or y=b gives:
giving a velocity gradient magnitude at the walls of du dy y=0 or y=b = b 2µ dp dz
Solving Eq. (11) with the boundary condition at the walls: u w = ζ du dr y=0 or y=b gives:
which just adds the slip velocity to the Poiseuille velocity profile. This profile is shown in Fig. 2 . m p = A dp dz + Bp dp dz (16) this time with
The derivation of a second-order differential equation for p then follows the derivation in the previous section leading to Eq. (9). In this case, however, the two constants A and B are both positive, so that the other of the two solutions of Eq. (9) is the physically relevant one satisfying the end conditions, namely:
For Maxwell slip flow in a wide rectangular channel, or between parallel plates, the pressure 59 profile is thus given by Eq. (18) with the expressions for A and B given in Eq. (17). with slip flow, which is known although an expression for the pressure profile was not known till now.
66
Substituting the pressure profile given in Eq. (10) into Eq. (7), and finding the mass flow based on the channel inlet conditions by setting z = 0 and using dp dz z=0
and p = p 0 , gives for the mass flow, after simplification:ṁ
which is positive, since A and B are negative. This result can be found using the axial pressure gradient anywhere along the channel, not only at the inlet. The analysis in [8] results in an expression for the mass flow through a channel with slip flow:
Substituting into Eq. 
Flow between parallel plates

71
Since the expression derived in this paper for the pressure profile in the flow direction is exact, it can be used to check the accuracy of the solution of [13] . However the expression in [13] is complex to work out, since it requires the outlet velocity of the gas to calculate the outlet Reynolds number and the Mach number to work out the outlet Knudsen number, K (see below), which is required in their expression for the profile in the flow direction of the dimensionless pressure,p 0 ≡
where the subscript 0 on the left-hand-side does not signify the pressure at the channel inlet, as it 72 does in this paper, but rather that the solution is accurate to zeroth order as stated by Arkilic et al.
, K is the outlet Knudsen number based on the channel height, given in [13] work and that given in [13] for the axial pressure profile are identical. The advantage of the derivation 80 presented here is that it is more direct and transparent, the only assumption involved being that of
81
Maxwell slip flow, and furthermore that the derivation in this paper is applicable to other types of 
Conclusions
102
• A solution method for the axial pressure profiles in conduits with Maxwell slip flow is presented 
110
• the pressure profiles in cylindrical channels and rectangular channels with large aspect ratio 111 under the Maxwell slip assumption, for like characteristic dimensions (tube diameter and channel 112 height, respectively), have been found to be very similar but not identical.
113
• The accommodation coefficient has been found to have only a minor effect on the pressure profile
114
in Maxwell slip flow. The accommodation coefficient had to be reduced substantially to see a 115 significant effect.
